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Goncentration-
Response
Relationships

his chapter is designed to explain the concept of a concentration-response relalionship.

This chapter also identifies common pattems of WET test data and provides guidance on

using the conc€ntration-response concept to review WET test results.

How will this guidance be incorporated into WET test methodology?

EPA plam to incorporate the guidance presented in this chapler into the WET method manuals

(USEPA, 1993c; USEPA, 1994a; USEPA, 1994b). A proposal to amend the manuals is expected

to appear in the .Federal Register by March 2001.

What is the concentration-response relationship concept?

The concept of a concentration-rcsponse, or more classically, a dose-response relationship is '1he

most fundamental and pervasive one in toxicology" (Casarett and Doull, 1975). This concept

assumes that there is a causal relationship betrveen the dose ofa toxicanl (or concentration for

toxicants in solution) and a measured response. A response may be any measurable biochemical or

biological parameter that is correlated with exposure to the toxicant. The classical concentration-

response relationship is depicted as a sigmoidal shaped curve (Figure 4.1), however, the particular

shape ofthe concentration-response curve may differ for each coupled toxicant and response pair'

Iigure 4.1. Classical concentration-responsc relltionship.
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In general, more severe responses (such as acute effects) occur at higher concentmtions ofthe

toxicant, and less severe responses (such as chronic effects) occur at lower concentrations (Figure

4.1)- A single toxicant also may produce multiple responses, each characterized by a

concenh-ation-response relationship.

In classical toxicology, concentr"tion-response curves are generally displayed such that responses

increase witb increasing concentration (Figure 4.1). This is accomplished by defining responses in

terms of adverse effects (e.g., mortality, reduction in gromh, reduction in reproduction)' The

WET method manuals do not follow this conventionl rather, responses are displayed in terms of

survival, groMh, and reproduction such that concentration-response curves for toxicants decrease

with increasing concentration. This guidance will remain consistent with the convention

established in the WET method manuals and will display concentration-response lelationships for

WET dala such that responses decrease with increasing concenlratlon-

How is the concentration-lesponse concept used in WET testing?

The concentration-response concept is the basis for tbe detemination ofpoint estimates (LC50,

EC50, IC25, etc.) in WET testing. A biological response (mortality, grouth inhibition,

reproductive inhibition, etc.) is measured at a range ofeffluent concentntions to develop a

concentration-response curve. This curve, which is typically sigmoidal, is then linearized by

various transformations ofthe data (e.g', p'robit transform) to assist in dnwing conclusions from

the relationship. From the resulting linearized concentration-response curvg a point estimate effect

concent"ation can be calculated (Figure 4.2). The effect concentration is an estimate ofthe

concentration of eflluent that will produce a specific level of response (e'g., 50% mortality)' In

WET testing, effect concentrations such as the LC50, 8C50, IC25 and IC50 are commonly used to

report WET test results.

Figure 4.2. Example determination ofpoint estimat€s from a concentration-
respon$e curve.
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How can the concentration-response concept be used to review WET test results?

A corollary ofthe concentmtion-response concept is that every toxicant should exhibit a

concentmtion-response relationship, given thal the appropriate response is measured and given that

the conc€fltration range evaluated is appropriate- Use ofthis concept can be helpful in determining

whether an effluent possesses toxicity and in identifoing anomalous lesl results. An evaluation of

the concentation-response relationship generated for each sample is an important part ofthe data

review process that should not be overlooked. This chapter provides guidance on identiffing valid

concentrafion-response relationships and interpreting resuhs ftom unexpected concentration-

response paltems. This guidance on reviewing concentration-response

relationships should be viewed as a component ofa broader quality assurance and data review and

reporting process that includes:
. Review of test conditions - The WET method manuals provide a summarized method-specific

Iist oftest condilions that should be followed in all WET test (e.g., test temperatures, number

of replicates, test chamber sizes and volumes, lighting, feeding regimes, etc.). The conduct of

each test should be reviewed io ensure that these conditions were met within the flexibility

provided by the method manuals. The test conditions used in the test and any deYiation fiom

WET method manual requirements should be clearly reported. Daily measurements should be

reviewed to ensure that values are within the acceptable ranges. Calibration of equipment

should be verified and noted.
. R€view oftest acceptability criteria - The WET method manuals provide method-specific

minirnum criteria for the acceptability oftests (e.g., minimum control survival, reproduclion,

growh, or variability). These criteria are requirements ofthe methods, and any test not

meeting the minimum test acceptability criteria should be considered invalid. All invalid tests

should be repeated with a newly collected sample. While permit compliance should not be

based on an invalid test, EPA's promulgation ofthe methods requires the results ofall tests to

be repoded (valid or invalid).
. Review of reference toxicant testing - Reference toxicant testing is an important quality

confol Factice that is required in the WET method manuals. Reierence toxicant testing

should be conducted on at least a monthly basis for each test method routinely conducted in a

laboratory. WET test review should include evaluation ofthe most recenl reference toxicant

test and the reference toxicant cusum chart maintained by the laboratory. All reference

toxicant tests should be conducted similarly (e.g., test duration, test conditions, test endpoint)

to emuent tests being conducted. For instance, acute reference toxicant iesting should be

conducted to accompany acute lesting of eflluents, and short-term chronic reference toxicant

testing sho[ld be conducted to accompany short-term chronic testing ofeffluents.
. Review of organism culture health and performance - EPA recommends that laboratories

monitor and record the health aad performance oforganism cultures from which test organisms

are obtained- For instance, the survival and reproduction ofCeriodaphnia dubia brood stock

should be monitored and recorded during routine culture maintenance (i e., water changes).

This can be accomplished with a subset of | 0 to 20 brood culture animals in individual cultwe

vessels- This monitoring and docrunentation allows a laboratory to assess the current condition



of organism cultures prior to initiating a test and can allow the laboratory to Postpone testlng ll

organism cultures are unhealthy. This can potentially reduce the incidence ofinvalid tests and

the cost associated with retesting. In the lest review step, the documentation of culture health

and performance can be useful in either identifying or eliminating poor culture health as a

cause for marginal control performance in a test. Laboratories should mainlain culture control

charts (cusum charts) for survival, reproduction, growth, or other parameters for the

appropriate species.

Review oftest variability - EPA recommends that the variability ofeach WET test, measured

as a minimum significant difference (MSD) or percent MSD, be calculated and reported with

all lest results. EPA also recommends that laboratories maintain control charts for percen

MSDS (USEPA,2000). These control charts will allow laboratories to assess individual test

variability in tbe conrexr oftypical variability within the laboratory. Iligh lest Yariability can

result in insensitive tests or unexpected concentration-response relationships. Consult USEPA

(2000) for additional guidance on WET test method variability.

Revi€w of cucentration-r€sponse relationships - The guidance provided in this chapter may

be used to assist in evaluating the concentration-response relationship as a part ofthe data

review and reporting process. The succeeding section ("What are some pattems of

concentrdtion-response relationships typically seen in WET test data?") provides examples of

common pattems in rr ET test data, discusses possible causes and solutions for unexpected

pattems, and provides guidance on when to accept or feject test data based on the

concentmtion-response concept. Some states have already developed similar guidance

(Washington State Department ofEcology, 1997). It should be noted that the determination of

a valid concentration-response relationship is not always clear cut. Data from some tests may

suggesl consultalion wilh professional toxicologists and/or regulatory o{Iicials' Tests that

exhibit unexpected concentration-response relationships also may indicate a need for further

investigation and possible retesling. In general, when unexpected or apparently anomalous

concentration-response relationships are encountered, EPA recommends the following:

- attempt to determine a cause for the response - The above me ioned test rcview steps

and specific guidance for individual concentralion-response relationships (see "What arc

some pattems of concenaation-response relationships typically seen in WET tesl data?')

may assist in determining a cause for unexpected concentration-response relationshtps'

Unexpected concentration-response relationships could be valid response pattems or

anomalies resulting llom Type I test error, high test variability, or other causes' Ifa given

eflluent consistently produces a specific, unexpected concentration-response relationship,

lhere is likely a physical, chemical or biological cause. In situations where difiicult-to-

inlerpret concentration-response relationships are produced consislently by a given

emuent, consultation with professional toxicologists is recommended' Toxicity

identification evaluation (TIE) procedures (USEPA, l99la; USEPA, 1992; USEPA'

1993a; USEPA, 1993b; USEPA, 1996b) also provide guidance that may be useful in

determining a cause for such concenlration-response relationships.
- follow guidance for specific concentration-r€sponse patterns - The succeeding section

("What are some Datterns of concentration-response relationships typically seen in WET



test data?') provides examples of l0 concentration-response paltems that may be exhibited

by WET tesl data. This section provides guidance in interpreting each concentration-

response pattem using a step-by-step review process. Based on this review, the guidance

may recommend acceptance ofthe ca)culated rcsults (e.g., NOEC or lC25) as valid ald

reliablg explanation ofthe calculated results as anomalous, or retesting.
- increas€ testing frequency - EPA recommends a testing frequency increase aftel any

anomalous, questionable, or failing test result, with the number oftests and duration of

testing to be determined by the regulatory authority.
- coordinate with regulatory authorities, pemittees, and testing laboratory - EPA

recommends that regulatory authorities, permittees, and testing laboratory personnel work

together to resolve diffrcult-to-interpret WET test data. EPA also recommends that

discussions be initiated as soon as possible when questions arise regarding WET test

results.

This chapter provides additional guidance on reviewing test data; it is not the intent ofthis chapter

to recommend the frequent disqualification and repetition ofWET tests. Several wamings and

safeguards should be considered when implementing the guidance in this chapter. First,

unexpected concentrdtion-rcsponse relationships should not occur with any regular frequency.

Second, it is not recommended to screen only those tesls in which toxicity is found at or below the

receiving water concentration (RWC). lf screening is to be done for unexpected concentration-

response relationships, all tests should be screened in a similar manner' Third, all testing resulls

should be reported to the regulatory authority, and the regulatory authorities should review all tests

(including those disqualified and repeated). Regulatory authorities should be alert to pattems such

as a high or inffeasing test rcjection mte or a tendency for disqualified tests to show toxicity more

often than tests accepted without qualification.

What are some patterns of concentration-response relationships typically seen in

WET test data?

Ten concentration-response pattems that may appear in WET lesting are individually described

and illustmted below using hypothetical test data. lllis section provides guidance in interpreting

each concentration-response pattem. The guidance focuses on determining a cause for unexpected

concentration-response pattems by recommending a step-by-step review process. Based on this

review, the guidance may recommend acceptance ofthe calculated results (e.9., NOEC or IC25) as

valid and reliable, explanation ofthe calculated r€sults as anomalous, or retesting. When relesting

is reconmended, this generally means beginning a new test on a newly collected sample since

sample holding times are typically expired by the time results are obtained lrom the original test'

Test results should be reported for all tesls conducted, even ifretesting is recommended.
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l. Ideal concentration-response relationship

This response pattern (Figure 4.3) shows a clear concentralion-response relationship, with multiple

eflluent concentrations identified as significantly different from tbe conlrol. This pattern also

shows a monoionic decrease in response, meaning that the response steadily decreases for each

higher effluent concentmtion. This pattem is indicative ofa well designed test with appropdately

chosen concentralions that brackel the effluent's range oftoxicity. Under these cilcumstances, the

hypothesis testing and point estimation lechniques recommended in the WET method manuals

provide reliable results.

Figure 4J. Ideal concenlration-response relationship. I

I S,olid squar€s indicate data points lhar are slatisticaily significanrty diferent from the control, and hollow squares indicale data

poinrs that were not significantly dilferent from the control. The dolted line shows the conaol mean minusihe minimum significanl

difference (MSD); any tesi ltearmed response mean less rhan lhis value is consid€red to differ sjgnificEntly from the control meall

2. All or nolhing response

The "all or nothing" response patiem is very common in WET test data. This response pattern

(Figure 4.4) is characterized by a transition fiom no significant effect at one emuent concentration

10 a complete effect ( 100% mortality) at the next higher concentration. While not ideal, this

pattem also represents a valid concentration-response relalionship, and both hypothesis testing and

point estimation techniques recommended in the WET method manuals will provide reliable

results. This patlem ofresponse is indicative ofa steep concentration-rcsponse curve for the given

eflluent, and under these circumstances, the precision of the estimate may be improved by closer

spacing ofemuent concentrations (increased dilution factor) or the addition ofintermediate effluent

concentrations in future testins.

I

o q

>  o R
F  ^ -

a 0.6
ic' 0-5

* 0.4

0.1
0

10012.5 25

Percent EIIlue nt

50Conirol 6.25

4-6



Figure 4.4. All or nothing concentration-rcsponse relationship. r

I Solid squares indicare daI,a points rhar areslarisdcally significantly different from the conlrol, aj'd hollow squares jndicale dara

points lhat were not sjgnificantly differe fron rlr€ conrol. The dotled line shows th€ conlrol mean minus lhe minimum significanl

diference {MSD); ,ny test treaime.t response mean less than lhis value is considered lo differ sigtificantly ftom lhe conrrol triean.

3. Stimulatory response at low conc€ntrations and detrimental effects at higher

concentrations

A stimulatory response is a nonmonotonic concentration-response relationship characterized by a

measured increase in the response (stimulation) at low concentrations. This slimulalion at low

concentrations can be followed by a detrimental e{Iect at higher concentralions (Figure 4'5) or by

no e{fect at higher concentrations (see Section 4 following). Davis and Svendsgaard (1993) found

that such nonrnonotonic concentration-response relationships occurred in 12-240/. of tbe

toxicological studies surveyed. The stimulatory response pattem characterized in Figure 4 5 is

typically found with sublethal endpoints such as reproduction, grouth, fertilization, or larval

development. For instance, test organism reproduction may increase (relative to the control) at low

concentrations ofan effluent and decrease relative to the control at higher concenfiations. This

concentration-response pattem, while nonmonotonic, is still a valid concentration-response

relationship, and both hypothesis testing and point estimation techniques recommended in the WET

method manuals will orovide reliable results.
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Figure 4.5. Stimulation at low concentrations and significant effects at high concentrations' '

rsolid squares indicale data points $ar are sralistically significanlly difierenl from fie conrrol, and hollowsqDares indicale data

loinls rhat were no! significnnrly differcnl from rhe control. The doned line shows fie contol mean m inus the minimum significan!

differencc (MSD); any tesr tre3trn€nr response mean less than ihis lalue is considered to differ significan y fron the contiolmean

4. Stimulation at low concentrations but no significant effect at high€r concentrations

This concenhalion-response relationship is similar to the previous example ir that stimulation is

observed at lower concentrations, but in this case, higher concenfalions do not produce significant

e{lects (Figure 4.6). In this situation, hypothesis testing techniques should produce reliable results,

assuming that adequate test sensitivity is achieved. Results from point estimation techniques

should be interpreted carefully when rhis response pattem is encounlered, because the inhibition

concentration percentage (ICp) procedure may produce effect concentrations (Pafiiculady IC25s)

that indicate toxicity at effluent concenfations where the response is comparable to the control

response. The ICp procedure assumes that rcsponses: ( I ) are from a random, independent, and

representative sample oftest data; (2) follow a piecewise linear response function; and (3) are

monotonically no*increasing meaning that the mean response for each higher concentralion is less

than or equal to the mean response for the previous concentration. If lhe data are not

monotonically non-increasing, the ICp procedure adjusts the response means using a "smoothing"

technique that averages adjacent means (see Appendix M ofUSEPA, 1994a). This technique

avemges response means (including that ofthe control) with those ofthe next hiShest test

concenlration uflil responses are monotonically non-increasing. In cases where the responses at

the low effluent concentrations are much higher than in rhe control, the smoothing process may

result in a large upward adjustment in the control mean. This can lead to an IC25 result rhat is less

than the highest test concentration, even though the highest test concentration was not statistically

different from the control treatment and even if a percent difference ofless than 2504 was observed

between the control response and the response at the highest test concenftation.
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Figure 4.6, Stimulation at low concentrations but no significant eff€ct at high€r

concentrations. I

I Solid squares indicate data poinrs thar are statisrically significantly different from th€ conlrol, and hollow squares indjcate data

poinls that were not significanlly different from lhe control. The doted line shons rhe conrol mean minus the minirnum

significant diff€rence (MSDI; any tesr trestment response m€an l€ss lhan this value is considered 1o differ significantly from fie

Ifthe response pattern depicted in Figure 4.6 (stimulation at low concentrations but no

significant effect at higher concentntions) is encountered, the following review steps should be

taken in addition to standard test review procedures:
. Evaluate the concentration range - lfthe highest concentration used in the test was less

rhan 100% effluent (or the highest achievable effluent concentration for marine tests), the

eIlluent should be retested using higher test concentrations to establish ifa valid

concentration-response relationship exists. This may not be necessary ifthe permit limit is

sel at much lower than l00oZ effluent and lest results indicate no toxicity at the permit limit

level and at least one concentration above the permit limit.
. Compare hypothesis testing results al|d point estimates - lfthere is agreement between

the NOEC and the IC25 for tests producing the concentration-response pattern depicted in

Figure 4.6 (i.e., neither value indicates toxicity at or below the permitted RWC, or both

values indicate toxicity at or below the RWC) the test results should be reported and

considered valid. If, however, the NOEC indicates no toxicity at the RWC (i.e., NOEC

greater than or equal Io RWC) but the IC25 is calculated as less than the RWC, the remaining

recommended actions should be taken.
. Evaluate control rcsponse - It is possible that the response panern depicted in Figure 4.6

could result from poor performance in the controls rather than stimulation at the lower test

concentrations. This poor control performance could cause a toxic effect at higher test

conoentrations not to be detected. To evaluate this possibi)ity, compare the control response



to the normal control performance for the laboratory. If(l) a particular test exhibits the

response pattem depicted in Figure 4.6, (2) there is disagreement between NOEC and IC25

estimates, and (3) the mean control response is well below the laboratory's normal range of

control performance; retesling ofthe e{Tluent is recommen'ded even ifthe minimum test

acceptability criteria have been met. For example, ifa laboratory consistently achieves a

control mean of 25-30 neonates for the Ceriodaphnia dubia 3-brood chronic test, a control

mean of l5-18 neonates (in conjunction with a non-ideal concentration-response curve and

disagreement belween the NOEC and IC25) would warrant retesting. In this situation,

suppressed control performance could be considered as the cause for this response pattern

rather than stimulation. A review ofcontrol performance should also investigale the

possibility of poor performance in a single replicale substantially reducing the mean control

response. In this case, retesting is also recommended.

Evaluate the test sensitivity - Discrepancies between IC25 and NOEC values could be due

to low test sensitivity. To determine ifthis is the case, evaluate the sensitivity ofthe test by

comparing the test MSD to MSD criteria for the given test method (see Chapter 2 of this

guidance and USEPA,2000) and to the laboralory's historical test sensitivity performance'

Laboratories are encouraged to track test sensitivity (as o/oMSDs) for tests conducled over

time. If a test exhibits the response pattem depicted in Figure 4.6 and the test MSD is above

maximum recommended criteria for the method or above the laboratory's typical range, the

sample should be retested.

Evaluate the ICp calculation - Ifa test exhibits the response pattern depicted in Figure 4'6

and it has been delermined from the above actions that the pattern is not du€ to pool control

performance or low test sensitivity, then discrepancies between the NOEC and IC25 may be

due to bias from the ICp smoothing technique. To determine ifthis is the case, calculate the

observed oercent difference between the response at the RWC and the control as:

\tt"- tto*r) * roo
,.1"

pc = mean control response

ftnltlc = mean response at the receiving water concentration (RWC)

lf the observed percent difference between the response at the RWC and the control is less

than 25% and the response at the RWC is not statislically significantly different from the

control response, then a calculated IC25 ofless than the RWC should be noted as anomalous

and the effluent determined to be non-toxic at the RWC. Ifthe observed percent difference

is equal to or grealer than 25%, then the calculated IC25 should be considered valid.

where:
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5. Interrupted concentration-response: significant effect bracketed by non-significant eff€cts

This response pattem is characterized by a single test concentration showing a significant

difference fiom the control while adjacent higher and lower test concentrations do not differ

significantly from the control (Figure 4.7). When this response pattem is encountered, point

estimation techniques generally will yietd reliable results, but hypothesis testing results should be

interpreted carefully. The method manual definitiors ofNOEC (lhe highest concentmtion of

toxicant in which the values for the observed responses are not statistically significantly different

from the controls) and LOEC (lhe lowest concentration oftoxicant in which the values for the

observed responses are statistically significantly different from the controls) were intended for

situations where the concentalion-response relationship is monolonically non-increasing. Under

these circumstance, the NOEC and LOEC are always adjacent values with the NOEC being the

test concentration just below the LOEC. ln circumstances where the concentration-response

relationship is non-monotonic (as in Figure 4.7), the identification ofNOEC and LOEC values is

severefy compmmised (Chapman et ol.,1996). For this response pattern, the following review

aclions should be taken in addition to standard test review procedures to determine the validity of

results obtained by bypothesis testing;

Figure 4.7. Interrupted conccntration-r€sponse: signilicant effect bracketed by non-

signilicant effects. I
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Check for test condition or procedural errors - The concentration-rcsponse relationship

depicted in Figure 4.7 could result from test conditions errors (such as pH, DO, salinity, or

temperature excunions) occuning in isolated test replicates. This concentration-response

4-11



pattem also could be due to procedural erro6 such as failure to properly randomize test

organisms or test chamber placement. The laboratory should verifo that all test conditions

were within ranges requircd by the WET method manuals for the given test method. The

laboratory should verif that the assignment oftest organisms to individual treatments was

properly randomized (Davis er a/., 1998). This can be complete randomization or block

randomization (as with the Ceriodaphnia dubia 3-brood reproduction test)' The laboratory

also should verify that the positions oftest chambers within the experiment were properly

randomized. lf test condition or procedural errors are identified, the sample should be retested.

Evahat€ within-treatme nt variability - lt is possible for poor performance in a single

replicale to bias the mean response for a given tesl concentration and cause that concentration

to differ significantly from the control. For this reason, the within-treatment Yariability should

be evaluated for the significantly different treatment. If the variability (standard deviation or

CV) for thal treatment is considerably greater than for other treatnents, then responses of

individual replicates should be investigated. This investigation may show that a single oullier

replicate has biased the treatment mean. Ifthis isthecaseand the responses from all but the

single outlier replicale are consistent with the control response, then the sample should be

retested.

Evaluate test sensitivity - When the response pattem depicted in Figure 4.7 is encountercd, it

is important to evaluate test sensitivity. Iftest sensitivity is low (e.g. high MSD values), large

effects at higher lest concentmtions may not be detected as statistically si8,nificant. To evaluate

test sensitivity, compare the MSD for the test to benchmark criteria for the given test melhod

(see Chaprer 2 ofthis guidance and USEPA, 2000) and to the laboratory's historical test

sensitivity performance. As previously mentioned, laboratories are encouraged to track test

sensirivity (as %MSDS) for tests conducted oyer time. If test sensitivity is low (i.e., MSDs are

above maximum recommended criteria or typical laboratory performance), then the sample

should be retested. Consult Section 6.4 in USEPA (2000) for additional guidance on

implementing upper and lower bounds on test sensitivity.

If test sensitivity is moderate to high (i.e., MSDs below tbe maximum recommended criteria

and within the laboratory's typical performance range) and none ofthe preceding evaluations

have determined a cause for this response pattem, it is likely that the significantly different

treatment is the result of a Type I error. A Type I error is the error of incorrectly rejecting the

null hypothesis (assuming that the treatment is significantly different from the control) when in

fact the null hypothesis is true (the treatment is not significantly different from the control). In

this situation, due to the absence ofa valid concentration-response relationship, the

intermediale concentration that was determined by hypothesis testing to be statistically

different from the control should be considered anomalous, and the NOEC should be

determined as the highest concentration lhat was not significantly different from tbe contlol'

Using Figure 4.7 to illuslrate, the 25% concentration would be considered anomalous, the

reponed NOEC would be I00%, and the reported LOEC would be >100%' Under these

circumstances, test results should still note that the 25o4 concentration was statistically
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different from the conbol but was considered anomalous due to analysis oflhe concentration-

response curve and the above review steps,

6. lnterrupted concentration-r€sponse: non-signilicant ellbcts bracketed by significant effects

This response pattem is similar to the previous response pattem in lhat the concentralion-response

curve is nonmonotonic (or intemrpted) however, this response pattem is characterized by two or

more test concentrations showing a significant difference from the control while an intermediate

test concentration does not differ significanily from the control (Figure 4.8). When this rcsponse

pattern is encountered, point estimation techniques will generally yield reliable results, but

hypothesis testing results should be interpreted carefully. As mentioned for the previous

concentation-response pattern, the identification ofNOEC and LOEC values is severely

compromised (Chapman et a\.,1996) when the concentration-response relationship is non-

monotonic (as in Figure 4.8). For this response pattern, the test sensitivity should be evaluated as

described below in addition to standard lest reyiew prccedures to determine the validity ofresults

determined by hypothesis testing.

Figure 4.8. Interupted concentration-response: non-significant effecb bracketed by

significant effects. I

I Sotid squares indicare dara points rhal are shdstically significanlly different trom lhe control, and hollow squa.res indicale daia

poinrs rhar wcre nol signifi€antly difer€nt from the conrrol. T}t€ dotled line shows thecontrolmian minuslh€ minimurn significant

difterence (MSD); any tcst lreatment respons€ mean lesslhar fiis value is considercd !o diff€r significantly fmm tI€ co.(rol mean

Evaluate test sensitivity - When the response pattem depicted in Figure 4-8 is encountered, it

is important to evaluate test sensitivity by comparing test MSDS to minimum and maximum

MSD criteria recommended by EPA (USEPA,2000). If the test MSD is lower than the

minimum MSD criterjon, only effects larger than the minimum MSD criterion should be
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considered significant. For example, if the minimum MSD oiterion for a method is l5% and

the calculated test MSD is l0%, only effects greater than 15% di{Ierence compared to the

control should be considered significant. Iftest sensitivity is low (i.e', test MSD is above

maximum MSD criterion), the sample should be retested. Iftest sensitivity is moderate (i.e.,

test MSD is within minimum and maximum MSD criterion), the test results should be

considered valid and lhe NOEC should be reported as the concenhation below the LOEC' For

the case depicted in Figure 4.8, a NOEC of l2-5% should be reported' Consult Section 6'4 in

USEPA (2000) for additional guidance on implementing upper and lower bounds on test

sensitivity.

7. Signilicant effects only at highest concentration

This response pattem is characterized by only the highest test concentralion producing a

significantly different response fiom the control (Figure 4-9)- This response pattern should be

considered to be a valid concentration-response relationship and results determined by point

estimation should be assumed to be reliable. Hypothesis testing results are also assumed to be

reliable following the evaluation oftest sensitiyity as described below. Ifthe response pattern

depicted in Figure 4.9 (significant effects only at highest concentration) is encountered, the

following review steps should be taken in addition to standard test review procedures:

. Evaluate the conc€ntration range - When this response pattem occurs, the concentations

used for testinB should be evaluated in future tesls using this effluent. Ifthe highest effluent

concentntion used in the test was less than 100% (or the highest achievable etTluent

concentration for marine tests), future testing using this sample should include at least one

higher test concenfation to confirm the presence ofa concenfalion-response relationship' If

the test used a l00o^ eflluent concentration treatment, it is difficult to confirm a concentration-

response relationship through retesting because conc€ntrations are constrained to less than or

equal to 100% in whole effluent testing. If this response pattem occun commonly with a given

emuent, future testing ofthe effluent should use a dilution factor of>0.5 such that test

concentrations closer to the 100% effluent concentration are used (i'e" a dilution factor of0'65

would provide a test concentration series of 18V",27Yo, 42Y",65%, and 100%). This would

provide a better opportunity to confirm a concentration-response relationship that may exist at

the upper end of the concentration range. This approach should be used only if historical

testing oflhe eflluent indicates consistency and the effect concentmtion is not likely to fall

below the adjusted test concentmtion series.
. Evaluate test sensitivity - Evaluate test sensitivity by comparing test MSDs to minimum and

maximum MSD criteria recommended by EPA (USEPA,2000)' If the tesl MSD is lower than

the minimum MSD criterion, only effects larger than the minimum MSD criterion should be

considered significant. For example, if the minimum MSD criterion for a method is 1504 and

the calculaled test MSD is l0%, only effects greater than 15olo difference compared to the

control should be considered significant. lftest sensitivity is low (i.e., test MSD is above

maximum MSD criterion), the sample should be retested. If test sensitivity is moderate (i.e-,

lest MSD is within minimum and ma,rimum MSD criterion)' the test results should be
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considered valid and the NOEC should be reporled as the concentration below the LOEC. For

the example given in Figure 4.9, a NOEC of 50% eflluent should be reported. Consult Section

6.4 in USEPA (2000) for additional guidance on implementing upper and lower bounds on test

sensitivity-

Figure 4.9. Significant eff€cts only al highest concentration. I

' Solid squares iodicaie data poinrs that s.e statisticnlly significantly diferent from dle conlrol, and hollow squares indicale dala

poir s that w€re not sigrificanrly different from re conrrol. The doned line shows lh€ control neanminus $e minimum significanl

diff€reme (MSD); any les1 treahent respo.se mear less than tbis ralue is considered to difTer significanlly ftom the control mean

8, Signilicant effects at all test concentrations but flat concentration-response curve

This response pattern is demonstrated in Figure 4.10. All ofthe test concentrations produce a

response that is significantly different fiom the control response, but a clear concentlation-response

relationship cannot be determined. This response pattem could be due to: (l) extremely low

variability in the control, (2) an unusually high control response, (3) an inappropriate dilution

water and improper use ofdilulion water controls, (4) inappropriale test dilution series, (5)

potential palhogen effecls in the effluent, (6) an unusual emuent-dilution water interaction. The

following review actions should be taken to determine a cause for this concentration-response

pattem and to subsequently determine the validity ofcalculated results
. Evaluate test sensitivity - The response pattem depicted in Figure 4.10 may be an artifact of

the data resulting from extremely precise control results and extremely higlr test sensitivity.

Investigate Ihis possibility by comparing test MSDs to minimum MSD criteria recommended

by EPA (USEPA, 2000). If the lest MSD is lower than the minimum MSD criterion, only

effects larger than the minimum MSD criterion should be considered significant. For example,

if the minimum MSD criterion for a melhod is | 5% and the calculated test MSD is l0%' only

effects srealer than l5% difference comDared to the control should be considered significant.
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If test sensitivity is low (i.e., test MSD is above maximum MSD criterion), the sample should

be retested. Consult Section 6.4 in USEPA (2000) lor additional guidance on implementing

upper and lower bounds on test sensitivity.

Figure 4.10. Signilicant effects at all test concentrations but flat concentration-response

curve. '

' Sotid sq ares indb3te dara poinrs lhat are sratislically significan y differenr from the contol, and hollow squares indicar€ data

pointl rhat were not signiricanrly difterenr from rhe conEol. The dotled line shows th€ controlmean minus fie ninimum significanl

difference (MSD); any tesftrearinenr resporse n€ar l€ss lban rhis value is consid€red to differ significandy frorn the conlrol mean

Evaluate contml response - The concentration-response pattern depicted in Figure 4.10 could

result from an unusually high response in the confol treatment. Laboratories ale encouraged

to track the perfomance of controls in tests conducted over time. When the response pattem

depicted in Figure 4.10 is exhibited, the control response for the test should be compared to

historic control performance in the laboratory using the given dilution water. Ifthe mean

control response is above the normal range for that laboratory and dilution water, the sample

should be retested.

Evaluate dilution water - The improper use ofdilution waters and dilution water controls

could cause the concentration-response pattem depicted in Figure 4.10. It should be confirmed

that test treafinent concentmtions were compared to the dilution watel control and not a cultule

water control. A statistical comparison of the dilution water contol and the culture water

control should also be made ifthey are fiom different sources. If the dilution water control

shows a statistically significant diflerence from the culture water control, altemate dilution

waters should be considered and the sample retested (see Chapter 6 ofthis guidance).

Evaluate test concentrations - lfalltesl concentrations produce a complete effect (e.g., 100%

mortality, zero reproduction, etc-), a flat concentration-response relationship will result' This

concentmtion-resDonse relationshio should be considered valid, and it indjcates high toxicity in
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the sample. Assuming that the concentration mnge used in the test brackets the permitted

RWC, it is not necessary to retest the sample, since the test results clearly indicale toxicity' lf

all test concentrations were significantly different from the control but did not produce

complete effects (as in Figure 4.10), the dilution series should be investigated- It is possible

that l}ie test concentralion range used for the test was too narow to distinguish a shallow

sloped concentralion-response curve. Test concentraiions may not have been low enough to

produce no significant effect and may not have been high enough to produce severe effects' If

this situation is suspected, the sample should be retested using an expanded dilution series

range. Effluent concentrations that are lower lhan those used in the previous test should be

added. EfTluent concentrations that are higher than lhose used in the prevjous test also should

be added (ifpossible) to assist in determining a concentrationresponse relalionship.

Consider pathogen effect - Tbe concentration-response pattem depicted in Figure 4' l0 could

also be due to the presence ofpathogens in the effluent. The most common identifier of

pathogen effects are sporadic mortalities and extremely high variability between replicates.

The pathogen effect is more common in tests using fish species than in invertebrate testing'

This pathogen effect also may be evident only in chronic tests and not in acute tests. Pathogen

effects afso may be seasonal in occurrence. If within-treatment CVs for survival are>41o/o for

emuent concentrations and relatively small for control replicates in standard synthetic water,

pathogen effect should be considered. If pathogen effects are suspected in the effluent, tbis

may be confirmed in subsequenl side-by-side testing using the effluent and the effluent treated

by briefexposure to UV light or the addition ofantibiotics, or increasing the number of

replicates and using less test organisms in each replicate. lfpathogen effects in lhe effluent are

confirmed, the sample should be retested and the regulatory authority should be consulted prior

to changing testing procedures.

Continued t€sting - Ifall ofthe above scenarios have been investigated and have not revealed

the cause ofthe response pattem, te results should b€ considered valid; howev€r, continued

testing should be initiated in an effort to identi$ the cause ofthe response pattem. lfan

effluent consistently exhibits this response pattem, additional investigations could include

chemical analysis or lnitiation ofTIE procedures.

9. Significant effects at all test coneentrations with a sloped concentration-response curve

This concentmtion-response pattern is similar to the pattem identified in item #8 above except a

concentration-response curve can be identified at the higher eflluent concentrations (FiSure 4.1 l).

This pattem is considered to be a valid concentration-response relationship, and point estimalion

techniques will generally yield reliable results. Results determined by hypothesis testing techniques

should be interpreted carefully, and the cause for significantly different effects at low

concentmtions should be investigated as described for the response Pattem described in irem #8'
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Figure 4.11. Signilicant clfects at all test concentrations with a sloped concentration-response

curve. '

I Solid squares indicare dara poinrs that are statistically significanlly different fmm the conlrol, and hollow squarcs indicat€ data

poinb $at were rol sig fic.nlly different fron the control. The don€d line shows the control mean mjnus the minimum significant

diffecnce (MSDI any Gst treattnent response nean less lhan this vBlue is considered lo d;trer significanlly frorn the conrrol mean.

10. lnverse concentration-respons€ r€lationship

This response pattem is characterized by a relationship in which advene effects decrease with

increasing ellluent concentration (Figure 4.12). This situation is most often encountered in algal

growth t€sts, and is typically caused by excess nutrients in the effluent. While a valid

concentration-response relationship is demonstrated in this circumstance, the effluent should be

considered nontoxic since the direction ofthe concentrafion-response relationship indicates

decreasing adverse effects. It should be noted that while the effluent is considered non{oxic, the

presence ofexcess nutrients still may pose a potential risk to the environment due to nutrient

emichmenl and oxygen depletion.

An inverse concenfation-response pattem also may occur in tests other than algal growth assays

when the dilution water used is a receiving water or synthetic waler adjusted to approximate the

receiving water characteristics. In such situations, the inverse concentration-response pattern can

result from loxicity in the receiving water or the limitation of necessary components (i-e,, hardness)

in the receiving water or adjusted synthetic water. Under such circumstances, the objective ofthe

toxicity test should be evaluated (see Chapter 6 ofrhis guidance). lfthe objective ofthe tesl is to

determine the toxicity of the effluent in the natural receiving water, then the results indicate no

toxicity in the sample. tfthe objective ofthe toxicity tesr is to determine the absolute presence of

toxicity in the effluent, the sample should be retested using a standard synthetic dilution water-

Toxicity or limiting components in the receiving water or adjusted synthetic waler may mask the
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presence of low level toxicity in the efnuent, making the absolute determination oftoxicity in the

eflluent difficult.

Figure 4.12. Inverse concenlration-response relationship. I

I Solid squares jndicale datr poinls rhar ar€ slatisrically significantly different from lhe conirol.and hollow squares indica& dala

poinrs $ar were nor sigril;cantly difTerenr from rhe control. The dotted l;ne shor,vs th€ conlrol neat minuslhe minimum significant

difference (MSD); anl rest treetJnent response mean less fian rhis value is corsidercd ro diftcr signjfican y from the conlrol mean.
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Dilution Series
Selection

his chapter provides guidance on the selection ofan appropriate dilution series for a WET

test.

Do the WET method manuals specify a certain dilution series?

The WET method manuals (USEPA, 1993c; USEPA, 1994a; USEPA, 1994b) suggest' but do not

require, a dilution series of 6.25%, 12.50/o,25Yo,50%, and 100% effluent for most effluents' This

dilution series should be used as a default when little information is known about the effluent being

tested and when initial range finding indicates that the effect concentration of interest is within lhe

6.25% to 100% effluent range.. In many situalions, a more appropdate dilution series can be

selecied based on experience from rcpeated testing ofa given eflluent. 'lhe WET method manuals

do recommend a dilution factor of 0.5 for prcparing test concentrations. This recommendation

does not fix the dilution factor, but is provided to establish a lower limit on the dilution factor. The

use of dilution factors greater than 0.5 is encouraged when historical testing indicates thal an

effluent is relatively consistent and eflect concentrations generally fall within a given range'

why is selecting an appropriate dilution series important?

The selection ofa dilution series (number and spacing oftest concenfations) for WET tests is

extremely important in producing reliable and precise results. This is most obvious for effect

concentrations such as NOEC and LOEC values generated by hypothesis testing. These values are

by definition limited to one ofthe effluent concentations selected for the test. The precision of

these values also is determined by the distance from the NOEC or LOEC to the next highest or

lowest eflluent concentralion. For instance, using a standard dilution s eies of 6.25V" l2.5To,

25o/o, 50Yo, and I 00% efTluent, a measured NOEC value of 50% indicates that the transition from

no observable effects to observable effects occurs somewhere between 50% and l00o/o effluent

concentration (the NOEC-LOEC interval). If an altemative dilution series of 12.5y",25yo' 50Yo'

7 5" , and 100% were used for rhis test, then a NOEC of 50% would be a more precise estimate'

In this tesl, the point oftransition from no observable effect to observable effects is now known to

fie belween 50o/o and 7 5Yo.

The appropriate selection ofa dilution series also is important for accurately identirying

concentfation-response relationships and increasing lhe precision ofeffect concentrations estimated

from those relationships. For example, toxicants or e{fluents with steep concentralion-response

curves, often produce "all or nothing" results when using a standard dilution series of 6'25Y.,


